In cultures of the latently Epstein-Barr virus (EBV)-infected Burkitt's lymphoma cell line Raji, the detectable amount of the EBV-encoded latent membrane protein (LMP) is transiently increased after addition of fresh nutrient medium containing foetal calf serum. In the current study, the relative amount of LMP and DNA in Raji cells was determined by biparametric flow cytometry analysis at different times after the addition of fresh medium with 10% foetal calf serum to a dense Raji culture. A transient increase in the proportion of LMP-positive cells was observed during the lag phase of the culture. Subsequently, a subpopulation of cells, which had been arrested in the Go or G1 phase, simultaneously started to progress through the cell cycle. Neither the amount of LMP in the cells, nor the enhanced expression of LMP, was restricted to a certain phase of the cell cycle. Further analysis revealed that the number of LMP-positive cells proceeding simultaneously from the G1 to the S phase of the cell cycle is about the same as the total number of cells changing phases. These results suggest that LMP expression might be one step in the pathway leading to growth activation of resting cells in cultures of the immortalized Raji cell line.
The Epstein-Barr virus (EBV) is a human herpesvirus with a dual tropism for B lymphocytes and epithelial cells. Primary infection with the virus is either clinically inapparent or causes infectious mononucleosis, a selflimiting lymphoproliferative disease (Henle et al., 1968) . After primary infection the virus persists in the host for life. EBV infects resting B lymphocytes (Menezes et al., 1976; Schneider & zur Hausen, 1975) and persists in the cell in a non-productive latent state. As a consequence of the latent infection, the B lymphocytes become immortal and grow in vitro as permanent lymphoblastoid cell lines (Henle et al., 1967; Pope et al., 1969) . The EBVdependent proliferation of B lymphocytes is involved in the pathogenesis of the diseases caused by EBV. This proliferation may be polyclonal and can usually be controlled by the immune system. However, in immunosuppressed individuals, the B cell proliferation is often fatal (Purtilo et al., 1985) . EBV is also associated with the monoclonal B cell tumour, Burkitt's lymphoma, and with nasopharyngeal carcinoma, a tumour of undifferentiated epithelial cells (Epstein & Achong, 1986) .
In latently infected B lymphocytes only a subset of the viral genes is expressed. The products of these latent genes are, either in concert with cellular functions or by themselves, responsible for the establishment and maintenance of the latency of the virus and the immortalization of the infected cell. Most of the latent viral gene products are localized in the nucleus and hence are called EBV-associated nuclear antigens (Summers et al., 1982) . Recently, a phosphorylated viral protein was detected in the membrane fractions of latently infected B cells (Hennessy et al., 1984; Mann et al., 1985) . This latent membrane protein (LMP) forms patches in the cytoplasmic membrane of the infected cell (Liebowitz et al., 1986) and is associated with the cytoskeleton protein vimentin (Liebowitz et al., 1987) . The existence of a viral membrane protein in the cytoplasmic membrane of the latently infected cell led to the idea of a viral function in transmembrane transport of signals leading to permanent growth stimulation of the cells. The observation of growth transforming activity of the LMP gene transfected into rodent cells supports this concept (Wang et al., 1985) .
Recently, we showed that the detectable amount of LMP transiently increased after addition of fresh medium containing foetal calf serum to a dense Raji culture (Boos et al., 1987) . A dense Raji culture, in this context, is defined as a culture with more than 0000-9323 O 1990 SGM l06 cells/ml that no longer grows exponentially. We have been interested in whether the transient increase in the amount of LMP could also be detected at the single cell level. Furthermore, we investigated whether the expression of LMP was dependent on the cell cycle. In order to answer these questions, we performed biparametric flow cytometry analysis of the LMP and DNA content of Raji cells at different times after subcultivation of a dense Raji cell culture in RPMI 1640 nutrient medium supplemented with 10% foetal calf serum.
Samples of the freshly subcultured Raji culture were taken and the cell density of the culture and viability of the cells were determined, by counting cells after staining with trypan blue. Cells were harvested, washed in phosphate-buffered saline (PBS) and fixed in suspension with ethanol at -20 °C. Subsequently, the fixed cells were suspended in PBS and stained as follows. LMP was stained by an indirect immunofluorescence assay using a non-limiting dilution of a polyvalent anti-LMP serum, generated in rabbits and directed against 155 amino acids at the C terminus of LMP (Boos et al., 1987) as the first antibody. The second antibody used in the assay was fluorescein isothiocyanate (FITC)-conjugated goat antirabbit IgG antibody (Sigma). The negative controls were either Raji cells stained using the preimmune serum or, in a second approach, the EBV-negative Burkitt's lymphoma cell, BL41, stained with the anti-LMP serum. The DNA of the cells was stained by incubating the FITC-labelled cell suspension for 10 rain in a final concentration of 0-5 ~g/ml 4',6-diamidino-2-phenylindole (DAPI; Stoehr, 1976) . All dilutions and immune reactions were performed in PBS.
Flow cytometry analyses were performed on a Cytofluorograph System 30 (Ortho Instruments) equipped with two high-power argon lasers. The 488 nm line of one argon laser was used at 500 W to excite the FITC. The 351.1 and 363-8 nm u.v. lines of the second argon laser were used at 100 W to excite the DAPI. The focused laser beams were spatially separated, so that each cell passing through the laser beams was first excited by the u.v. lase.~ and, with a short time delay, by the second laser. The fluorescence pulses of DAPI and FITC have been correlated electronically for each individual cell (Stoehr, 1976; Stoehr et al., 1978) . The DAPI and FITC fluorescence intensities of more than 20000 cells per sample were determined at a flow rate of about 200 cells per second. The green (FITC) and the blue (DAPI) fluorescence emissions were separated by a 500 nm dichroic mirror. The green emission was then led through a 520 BP filter and the blue emission through a 500 LP filter. Emissions were then registered by greenand blue-sensitive photomultiplier tubes, respectively. The fluorescence intensities were measured as integrals of the signals. The data were displayed as two-parameter frequency distributions. For the numeric evaluation of the proportion of LMP-positive cells in the samples, a threshold value for the FITC fluorescence intensity was set so that the samples in the negative control experiments always contained less than 3% positive FITC signals. These positive signals were probably due to fluorescing particles polluting the samples or to autofluorescence of the cells.
In the first series of experiments, the time course of LMP expression, the frequency distribution of the different phases of the cell cycle in the culture and the growth curve of the culture were determined. Fig. 1 shows a representative result from a series of independently performed experiments obtained with samples of a Raji culture, taken at the indicated times after 1:6 dilution in nutrient medium. The growth curve of the culture was determined on the basis of living cells and consisted of a lag phase, an exponential phase and a stationary phase. During the lag phase a transient increase in the number of LMP-positive cells was observed. The corresponding Northern blot analysis (Fig. 2) and Western blot analysis (Fig. 3) revealed that the transient increase in the number of LMP-positive cells correlated with a transient increase in detectable amounts of LMP mRNA and protein. Fig. 4 shows the cell cycle distribution of cells in the culture at the times indicated after subcultivation. Immediately after subcultivation, a high proportion of cells were in the G0/G1 phase of the cycle. Since, in this work, the cell cycle phases were defined by the DNA content of the cells, cells in the Go or G1 phase and cells in the G2 or M phase could not be distinguished. Therefore, the cell cycle phases were called G0/G1, S and Baer et al., 1984) . 0, 4, 8, 12, 16, 20, 24, 28, 32 and 96 h after subcultivation, respectively. The protein concentration of the total cellular extracts was determined by the method of Lowry et al. (1951) and an equal amount of protein from each sample was separated on a 10~ SDSpolyacrylamide gel according to Laemmli (1970) . The proteins were electrophoretically transferred to nitrocellulose (Western blot; Towbin et al., 1979) . For the immune reaction an anti-LMP serum from rabbits (Boos et al., 1987) and peroxidase conjugated anti-rabbit IgG antibodies from goat were used.
G2/M, respectively. A proportion of the cells synchronously went from the G1 to the S phase 12 h after subcultivation, indicating that cells resting in Go had been stimulated to enter the cell cycle, or that cells arrested at a restriction point in G1 had been stimulated to further progress through the cycle. These cells entered the G2/M-phase 24 h after subcultivation, as demonstrated by changes in the relative proportions of the cells in the different cell cycle phases (Fig. 4) . Subsequently, the cell density of the culture increased. A second synchronous round through the cell cycle was not observed in any of the experiments. This result suggests that the cells display wide variations in the time they need to complete a cell cycle.
In order to investigate the correlation between the DNA and LMP content of the cells, we determined the relative cell content of LMP and DNA by biparametric flow cytometry analysis (data not shown). Neither the content of LMP, nor the increase of LMP, was restricted to cells in a certain cell cycle phase. The EBV-negative Burkitt's lymphoma cell line BL41, which served as a control, was stained by indirect immunofluorescence using anti-LMP serum as the first antibody. In a further set of control experiments, Raji cells were stained using the preimmune serum. In both control experiments, no LMP-positive cells were detected and no effect on the intensity and distribution of the FITC background fluorescence was observed when fresh nutrient medium was added (data not shown). These results provide evidence that the positive FITC fluorescence observed in the flow cytometry analysis is LMP-specific.
Further analysis of these experiments revealed that the total number of cells that went from G1 to S was about the same as the number of LMP-positive cells proceeding from G1 to S (Fig. 4) . The turnover of LMP protein (Fig.  1, 2 and 3 ) mirrors this effect. Therefore, the subsequent increase in LMP-positive cells in S and G2, which is caused by the synchronous progression of a proportion of the ceils through the cell cycle, is lower than the total increase in cells in S and G2, respectively.
The results suggest a role for the viral membrane protein LMP in growth stimulation of the latently EBVinfected B lymphocyte. From our experiments we conclude that quiescent Raji cells that have been stimulated into growth by subcultivation express LMP before they proceed from G1 to S. It is not yet clear whether the quiesce.nt cells in the stationary phase of the culture are arrested at a restriction point in the G1 phase or are in the Go phase. It seems likely, however, that the activation process of the quiescent cells includes the expression of the LMP protein, and that LMP is restricted to cells progressing through the cell cycle. The signal causing the enhanced LMP expression has not yet been identified. LMP expression precedes cell growth and, since cells in all phases express LMP, the activity of LMP may be a prerequisite for further progression through the cell cycle. This question remains to be answered by further experimentation.
